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A oodal  for  Juplcer'o  lo-ralatad  di 
adjoacod  to  provide  a cloee  fit  to  obaerved  e< 
oceurreoea  probabtHty  on  the  plane  of  lo  phai 
■erldlan  lonslcuda  for  fre<)ijenclea  betoean  3S 
obaarvaeloni  vera  reported  by  Mllaon,  Hi 
nonlinear  Indirect  ealaalon  lachanlaB  v> 

Alfean  vavoa  produce  ao  elaccron  baas,  which  In  turn,  aftar 
Incacaadlata  atapa,  reaulta  In  the  aolaaioo  of  feat  eatraordlnary  »de 
aleccronasnetle  wawei.  Thle  radiation  lo  aaltted  Into  a hollow-cone 
baaa  attacbed  to  the  lo  fluA  tube  at  a point  where  cha  wave  fraiioeney 
•^^Bhtly  hlBher  chan  the  elaccrou  cyclocton  frequency.  A flva- 
dipola  repraaaoteclon  of  Jupiter'n  nageeelc  field  van  developed  and 

advaotaia  of  Eceacer  conpucatlooal  fleilblllcy.  The  FoyaRor- 
detenlned  dlatrlbutlon  of  electron  nuaher  denalty  va.  height  above 
the  cloud-top  level  waa  uaed.  Appropriate  adluacaenta  were  aada  to 
account  for  the  Alfven  wave 


9«erved  d«eaetrlc  cultsloo 
LL  gC  tbg  bollow  cooe 


CMglttd  In  in  mcellint  Me 


Sreiely  Inprovnd 


Dticription  of  Jupitgr'g  Pep— — a«dl«clon 
The  dUeovery  of  Jupltec’o  deoaaecclc  cidUcton,  oc  MH.  by  Burk< 
OQd  Trankllo  [1955]  cao  be  ceneidered  an  Incroductloo  to  the  tge  of 
exploe.tloa  of  the  ,=  Ur  wee.  «e  now  too.  chat  Jupiter',  radio 

KHe  Co  300,000  HSa.  Ice  radio  eelaeion.  cao  be  divided  late  chrie 
type..  ThetMl  .ile.ioa  Eroa  the  ataoaphere  aecouota  lor  oe.rly  all 
cbe  tadlacloo  at  the  high  Creducacy  ead.  Syachrotroo  ealasloo  froa 
the  crapped  hlgb-eoergy  pertlele  belt  vlthln  Che  loner  aagaecoepbete 

radio  eale.ioa  cooelace  of  eeveral  dletlnct  apotadlc  lov  frequency 
coaponeoce  below  « HBa,  whUh  are  Induced  by  plaaaa  Inetablllclee  In 
the  Inner  nagoecoaphere  ac  frequeaclee  chat  preeuaably  ace  .lightly 
above  the  local  electron  cyclotron  frequency. 

The  dl.trlbutlon  of  Jovlea  atora.  In  clae  repreaenta  a well- 
organlaed  non-acochaaclc  proceas.  When  we  plot  Che  obeerved 
probability  of  occurrence  of  acclvley  In  the  vicinity  of  20  HUc  ve. 

Che  central  aerldlan  longitude  (CMl)  of  Che  planet  dloc.  a three- 
peaked  dlatclbutlon  generally  appeare.  Thl.  haa  been  done  la  Figure 
I-lS  the  three  peaka  are  deeignaced  aourcea  B,  A.  and  C,  la  order  of 
Increaalng  longitude.  The  uee  of  Che  tern  ■.ourcee-  la  referring  to 
thaae  three  active  raglona  doea  not  neceaaarlly  aean  chae  their 


.■  orlilnatc  Croa  dlfCereac  lacaclood  oa  Juplcer.  The  ausber, 
vldthi,  ud  locaelodi  of  the  pooko  day  vary  with  cha  frequency  and  the 
JOTleancrle  declluacloD  of  Kerch, 

dacaaacrle  bureci  waa  flrac  obearvad  by  yraokllo  and  burke  [I9b6t* 

radlaclon  fron  eourcea  k and  B ac  the  higher  frequanclae  li 
pradonloancly  rlghc-hand  (BB),  but  aa  cbe  froquancy  la  decreaaed  below 
about  20  HBa,  progreaalvely  note  left-hand  {LB)  polarlaaclon  become 
apparaoc  oucalde  cbe  A-B  longlcude  region  [Carr  and  Daach,  1976]. 

One  of  Che  noec  dlatlncclre  charaecerlacica  of  Che  OAH  eoaceroe 
cbe  repeacablllcy  of  both  coarae  and  floe  eelaalon  feacurea  wlchln  Che 
dynenlc  apaccra,  aa  waa  dlacuaaed  by  Varvlck  fl96A]  and  Bulk  [196S). 
Dynaalc  apaccra  are  repreaancaclona  of  Che  Inacancaoeoua  lotenalcy  of 

and  cine.  Soneclnea  cha  feacoree  are  ao  acable  over  long  perleda  of 

C^ll.9  yeara)  nay  be  uaad  co  decenloe  che  Jovian  rocacloo  period  wlch 
eonaldarabla  preclalon  [Alexander,  1975).  (Bowever,  che  hlgheac- 

alngle-frequeocy  occurreoca  probablllcy  hlecograaa  obcaloed  ebouc  one 


dynaelc  epecccua  li 


n 19(4  uuii  c> 


c ealialoa  aovftlope.  Oo  « elae  acala  of  aln\ice»,  c 
c«IX«d  49«ctr«l  4TC0  are  obaarvad  with 
loQddcoda  ragiooa.  Thaaa  area  ara  alchi 

by  Bigg  11944)  thac  aoaa  of  tba  Jo.laa  ■ 

lofluaocad  by  tha  Galllaaa  aatalllca  to>  uhao  tba  aaaa  dat 
rigura  I-l  ara  raplottad  aa  occurraora  probability  concoura 
phaaa  (lo  dapartura  froa  aoparlor  geocantrU  coojuactlon)  vi 

coQCrolled  by  Id.  Souroa  Xo-A,  vblob  la  raXaCad  to  lo,  appaara  lo  th< 
aourca  A loogltude  ragloo  {CKL  ^ 230^)  vban  lo  la  at  ao  orbital  phaaa 
of  244°  tram  Suparlor  Caogaotrlc  Conjunctloo.  Sourca  lo-B  la  at  a 
phaaa  of  lo  90°.  and  OIL  '>•  190°.  An  addltlooal  lo-dapandaat  aourca 
Zo-C,  appaara  at  lo  240°.  and  CML  % 300°.  Orbar  radio  conponanta  A 
B,  and  C Indepandant  of  lo  orbital  phaaa  ara  praauoably  unralatad  to 


Fcaquancy'Clna  dynaalc  apactra  of  Jovian  aalaalon  ara  antranaly 
ccvplaa.  Wa  rafar  to  rha  locanae  atructuraa  on  a 1 to  9 aac  tlaa  acala 
aa  L (long)  burata.  that  on  a nllllaacond  tlaa  acala  aa  S (abort) 

polar  wind,  whlla  rba  S borat  aodulatlon  la  locrlnale  bo  tba  aourca  or 

tba  S burata  alwaya  ravaal  a rapid  negative  fraquancy  drift  rata 
ranging  froa  -9  Co  -49  KKi/aac  |Carr.  Daech,  and  Alexander,  1943). 


s d«c«aecrlc  r«dlAtli 
id  !■  01 


«lreu2«rly  polarlsod, 

exhlblclna  largo  iataaolty  f luctuacloua  on  teconda  co  cona  o{  aocondt 
elBO  ocalo.  Thia  la  In  aharp  coocraac  to  tha  aaoothly  and  only 
allghtly  varying  declaacrlc  aalaalon  (BIH)  duo  to  tha  aynehtotroo 
alaaloo  fron  trappad  ralaclvlaclc  eloetrona*  In  addition.  It  waa 
notad  that  BAH  waa  Invariably  conflnad  to  fraquanclaa  below  40  HHz-  A 
lower  frequency  cutoff  for  ground-baaad  obaervatlone  waa  due  co  cbe 
opacity  of  cbe  Earch'a  lonoaphere.  Voyager  1 and  Voyager  2 provided  a 
rreaandoue  locreaae  In  our  knowledge  of  Juplter*a  aagnecoapharlc 
phenoaeaa,  Including  the  dacaaetrle,  t 

aclntlllacloo  effacta  due  co  the  Carth'a  loooaphere  end  were  of 
aufflclent  aenalclvlty  and  frequency  reaolucloo,  another  level  of 

waa  the  Voyager  obaervatlone  chat  led  co  the  dlecovery  of  the  dynaalc 


ir  Knowledaa  on  Juniter'a  Magnetic  P 


I.  Mercury,  garch,  Jupiter,  Sacurn,  and  probably 


coaponaot— Che  eyuchrotcon  radiation  |31oanakec,  19S9;  KcClaln  and 


51a«aaVcr,  1959),  provided  cl 


Idence  for  duplcer'e  Bogneclc 
Che  dlpoLe  exle  being  tipped  ebouc  10®  vlch  reepecc  co  cbe  pleoecary 


reepecclvely,  cbelr  progrede  crejeccoriee  regained  dope  Co  Che 

eooerlbace  elgolfleeac  dace  for  atudlee  of  Che  plaoecarp  field. 

•odeLa  of  Juplcar’a  aegoeclc  field  were  prapoied.  Tvo  prlnclpel 

cerna  of  epherlcal  harsoolca:  cha  0^  oodel  of  Acuaa  end  Neee  [1976] 

eod  Che  P 11(1, DA  aodel  el  Davie,  Jonea,  end  Solcb  (19?S|. 

The  beat  available  mcaaureeenc  of  the  low-energy  electron  denelcy 

aaen  in  Figure  1 of  Kaahleoco  and  Goldaceln  [19&3).  Ic  waa  decerslned 
froB  Che  dace  obtained  by  Pioneer  10  aod  Voyager  1.  The  Pioneer  11 


d«Btlcjr  ringlog  (ro*  10  to  lOO/c*’.  ind  . coporoturo  ol 

The  heafureahnet  uda  duclQg  the  Voyager  1 
altered  our  vle»  of  the  baiU  lo  lotereetloo.  T 
of  lo  le  quite  dlffereot  free  whet  had  been  eeiueed  eetller*  the  great 
lo  torua  atfecta  algolf Uently  the  Interaction  of  lo  ulth  the  Joelen 
aagnetoaphere.  Becauee  of  the  ehlateone  of  the  lo  pleeaa  torue  the 
Induced  euccent  betueen  lo  and  cbe  Joulan  lonoaphere  le  In  fact 
carried  by  large  aaplltude  Alfuen  uavea.  It  hae  been  auggeatad  by 
aatiy  aueboro  [Curnett  and  Coecti,  HBl;  Goldeteln,  Sharoa,  Beo-*tI, 
Erletat,  and  Papadopouloa,  1983)  that  Che  etroog  parallel  electric 
field  lo  theae  Tcloetlc'  Alfrdn  vavea  le  Che  origin  of  the  «eV 


5*  Early  Bvldence  for  Eadlaclon  Baaalnp  and  Soaa 


ptoposed  by  Haraick  11961),  baaed  on  Che  production  of  tadlatlon  by 
eUctrone  precipitated  Into  the  Jovian  lonoephera  froa  Che  Van  Allen 
belt.  The  dlacovary  of  cbe  lo  control  of  DAM  Indicated  that  Che  BAH 


Bulk  E1967]  and  PIddlogton  (1967]  Independently  developed 
geonetclcal  nodela  for  the  beaalng  of  aource  B and  the  lo-celated  part 
of  aource  A.  Their  aodele  were  alnllar.  Bulk  aaeuned  (aa  did 
Plddlngton)  a a,«rt«t  dlacorted  dipole  field,  vlth  the  north  pole 

lo  la  near  the  200“  netldlan  {but  only  than),  radiation  la  heaaed  Into 


• conle.l  fhcec  o(  h.lf-*ii*Xe  pf  79».  Th.  cpu  azla  lUa  along  cha 
field  dlraetlotl  near  the  foot  of  the  lo  floa  tube-  Soocoe  B la 
ohaarved  «heo  the  leading  lleb  of  the  conical  aheet  evaepa  accoaa  tl 
earth,  and  the  lo-relaced  aource  A appeera  *hen  the  oppoalte  llnb 
eweapa  paat.  Tha  alight  dlaccepancli 

aourcea  and  the  obaecved  ooaa  are  attrlbuced  to  the  fl» 
end  to  tha  aelnuUtlon  of  alaalon  fron  an  cntenalre  n 
than  fron  a point.  Althoggh  th 


A nore  conpleta  nodal  waa  propi 
{19691-  They  aaaunad  that  Jcptter  I 
corotatlng  electrically  Inaiilaclng 
lov-danalty  colUalonleaa  nagnetoap 
rotating  vlcb  Che  planet,  chare 


ad  by  Coldrelch  and  Lynden-Bell 

noaphere,  an  lonoaphera,  end  a 
ra.  In  a reference  frana 

flov  through  Zo,  down  along  one 


Cube  to  lo,  coapleting 
norchern  and  acurham  area  of 

a 10^  A-  Thay  auggeaced  chat  the  Inatablllty  reaponalhle 
>1  reaulca  In  radiation  propagaclog  nearly  at  a right  angle 

a conical  ahaat,  which  according  co  the  ralatlvlacle 
f (7  c'*'  ' approalnaca  value  of  79°  opening 

angle,  alnllar  co  Dulk'a  enlaalon  cone.  The  direct-currant  unipolar 
inductor  theory  of  Goldtalch  and  Lyndan-Bell  net  with  wldeapread 


d bach  up  the  oppoalte  aurface  o 
e circuit.  Thla  happena  In  both 


developaenca. 


foley,  and  Wemiii  |I965|  nsgaated  cKat  [ha  lo-loduced  currant 
propagataa  la  the  f«ro  of  a relatival/  alav  ilfvea  uava — ao  alo»  that 
la  haa  aovad  autalda  tha  flux  tuba  before  the  Alfven  wave  can  etaplete 
the  circuit.  Thla  aaauaptloa  waa  aada  nccaaaary  by  tha  dlacovary  of 
the  In  plaaaa  torua.  Ournatt  aod  Goarta  [1981J  applied  thla  Alfve'o 
current  ayataw  to  the  generation  of  dlecrete  deeaBetrlc  area;  they 
atteapted  to  eaplaln  the  repetition  of  theae  area  aa  due  to  aultlple 
raflectloae  of  tha  Alfv'an  wave  between  tha  to  torua  boundarlaa  and  the 

The  Boat  widely  accepted  thaorlea  of  tha  QAH  today  are  baaed  oo 
oonllnear  lodirect  aalaalon  proceesea  reeultlng  fcoa  beaa-drlven 
plaaaa  loacabllltlea.  Coldataln  and  Thieaan  tl»Bl]  pceeented  a theory 
of  th*  decaaetrlt  dynaalc  apectral  area  which  waa  baaed  on  hollo»a-cone 

aalaalon  conical  angle  varlea  with  the  frequency  an  chat  It  la 
relatively  aaall  at  both  high  and  low  frequenclea,  but  la 
approxlaately  80®  at  lotamadlate  frequenclea.  Ig  order  to  explain 
the  longitude  aaynatry  la  eba  occurrence  probability  dlatclbutUn  for 
d Saleh  11979)  found  it  neceaaary  to  aaeuae 
lux  tuba  20®  ahead  of  the  aub-lo  longitude; 
[1969]  had  reached  a aoaewnat  alallar 

Coldacela  [1983]  offered  aa  an 


Ooldrelch  and  Lynden-Bal 
conclualon  auch  earlier.  Haahlaoto 
explaaacloo  for  thla  diaplaceaent  th 
atronget  Alfven  wavaa  tovard  the  aoi 


ot  io  corui.  ADd  thli  wave  th«o  deoeracef  DAH  to  the  northern 
lODOephern  e(ter  It  reflecte  free  the  touthem  loooapheie.  Par 
Che  Beehenlna  icaelf,  Ooldateln.  Shene,  Ben-Ari,  Evleter,  and 
Papadopouloa  |1983|  preaented  a aore  coaplaia  Indlraol  noelloaar 
theory  that  it  haned  on  the  exlataoca  of  hcaan  of  anargnttc  alaetrona 
In  the  loner  JovUn  sagnetoaphere.  Thla  beaa-lUe  dlatrlhutloo  tenda 
to  he  usatable  to  the  groath  of  both  upper-hybrid  and  loaar-hybrid 
alectroatatlc  wavaa,  ahlch  aubaanuentLy  ate  up-converted  Co  feat 
ezcraordloary  {feat  A)  aode  electroaagnetlc  radiation. 


A Prellalnary  Scateaent  o: 


In  Chapter  m a aodel  for  Joplter'a  decaaetric  radio  aalaalon 
haa  been  developed,  cooaiatlog  of  a eonclnooualy  aalcted  hollou  cone 
of  radiation  froa  the  vicinity  of  the  northern  foot  of  the  lo  flun 
tube,  aech  wltcad  frequency  being  allghtly  above  the  local  electron 
cyclotron  frequency.  A nonlinear  Indirect  aelaalon  aechanlaa  la 
aeiuaed  to  which  Alfven  uvea  enticed  by  lo  produce  an  electron  been 
chat  In  turn  driven  plaaaa  Inateblllclae!  reeultlng  please  uavea  are 

o produce  eleccroaagneclc  radiation  baased  Into  a hollov 
ie  aodel  are  adjuaced  to  fit  prevloualy 
publlahed  data  on  ealaaion  occurrence  probability  on  Che  plane  of  lo 
phaaa  va.  Jovian  CML  In  Che  35-16  MHe  frequency  range. 

Chapter  II  deecrlbea  the  evolution,  davelopaenc,  and  tenting  of  a 
flve-dlpole  aodel  of  Juplter'e  aagneclc  field  to  he  uaed  In  the  radio 


RELATIVE  OCCURRENCE  PROBAeiUlTV 


PHASE  OF  10 


CENTRAL  MERIDIAN  LONGITUDE 


CBAPIE8 


A FIVI-DIPOU  UFKESEKTATION  Of  TEE  JOVIAN  O4 
HASHmC  FIELD  MODEL 


:o  rtfonulaet  the  ■cenOerO  O4  BultipoLe 
■hdel  of  tho  UEoeclc  field  to  provldo  eteocet  flnlblliey  Id  it<  ute 

could  be  cloesly  mecehed  by  Che  euo  of  the  fielde  from  e pertlculer 
ict  of  3 aesneclc  dlpolee  of  dlfferenc  UEoecle  aoaeuce  vhlch  ate 

pleuac  by  diffetenc  aaoucca*  With  thia  aew  Formulacloc,  one  la  alwaya 

Juplcar'a  aagDetoapheric  proeeaaea.  Thla  repreaenta  a aiapLtClcacloQ 
over  the  coaputaclon  algorlthB  required  when  the  O4  Mgoetlc  field 

ueed.  At  will  be  daaooatrtced,  there  la  no  appreciable  loae  In 
accuracy  la  uelog  the  flva-dlpole  foraula. 

1 evolution  of  the  flve-dlpole  aodel  la 

chapter  la  eplcoulced  by  a brief  deacrlpclon  of  the  flve-dlpole  aodel. 
Alao  Included  la  a aac  of  curvea  calculated  froa  the  flve-dlpole 
aodel  deplcclni  aeveral  aapecca  of  Jupltat'a  aagnetlc  field  In  Che 
Inaer  aegaecoaphere.  Theae  curvea  are  potentially  uaeful  oot  only  la 


nodeliDj  oC  Juplter’i 


2-  Developaene  of  th«  Pive-DlpcU  Hodel 

Shannon,  and  Connarnay,  1983|  la  rtdaly  uaed  In  andaling  pUasa 
iBCaractlooa  wltKlo  che  Inner  aagnacoaphare  of  the  planet.  In  chla 
field  nodal,  the  nagnetlc  potential  V(r,B,d3  la  aapraoaed  aa  a 

(n  - 3)  tern,  aa  follova  (aaa  Appendix  9,  equation  («-52)> 


V(r,e.d) 


I Cg^coaaiO  h®eInna)P*(coae)  (II-l) 


-here  r la  Che  JovUentcln  dlacaooe  to  the  given  point  P in  Jupiter 
radii,  P„(eoeeJ  la  a Snhnidt-normellied  aaaoclaced  Legendce 
polynoQlai,  and  the  ualuea  of  cha  IS  Schaldt  eoemelanta  gj  and  hj 
can  be  found  in  Aouna,  gahnnoon,  and  Connemey  (1983],  por 
conveolance,  P^fcoas),  and  hp  ace  liatad  in  Appendix  B;  Schnldt- 
notonllaatlon  of  aaaoclaced  Ugendre  polynoalala  ia  also  dlaoussed  in 
chla  Appendix. 

The  nagnecle  field  5 la  chan  obtained  froo  the  ralaclon 


heoauae  of  Its  alnpUelcy,  a single  offeec  tilted  dipole  field  la 


enployad  inataad 


vagnaconphecic  raglona 


:«flie  vh«ra  Che  raaulting  Loaa  in 
:ad.  Closer  co  tne  pLsoscary  surface,  houever, 
:he  igusarupole  sod  oecopole  carea  becoae  loereaalugly  Isporcant,  and 
10  alD^la  dipole  aodel  cao  adequacaly  repraaenc  Che  field  chece.  Ha 
lave  daveloped  ao  alceroaclve  axpeeasloo  (oc  the  O4  «afneclc  potential 

The  five-dlpoLe  sodel  la  produced  by  a particular  net  of  5 offset 


Iced  dipoles  f> 
,re  the  O4  ~d. 


acrootaaO,  has  b 
dlpola  derived  f 
paraaecers  In  Tat 


le  aagneclc  scalar  p 

"•**  the  O4  Bodel  chroughout  the  region 

lal  la  applicable.  One  aeaher  of  Che  see  of  b vblch 
^0  dipole*  (deaplce  cha  face  chac  It  la  oot  Che 
beep  chosen  Co  be  Idenclcnl  with  che  alogle  offaec 
04  aodel;  this  dipole  la  apeclfled  by  che  6 
of  Acuna,  behannoo,  and  Coaoemey  [1983]. 

:a  specify  che  aagoaclc  aoaenc  veccor,  end  che 
other  3 che  vector  offaec  free  the  Jovlcentrlc  origin.  Bach  of  the 
raeelnlng  4 dipoles  In  che  sec  is  represented  by  6 arbitrary 
paraaecers,  giving  ua  24  adjuecsble  pacaaecera  to  aaolpulace  in 
syntheaUlng  an  acceptably  accurate  approaleecion  to  the  O4  field. 

In  (ll-l),  0 • 3 for  Sehaldt-oomallead  aeeoclaced  Legeodre 
polynoalals  of  hlgheac  degree.  Ua  found  It  netesaary  la  che 
darlvacloo  that  follows  co  consider  chac  (II-l>  also  Includes  p'^cosS) 
ceres  of  degree  n > 4,  the  coetflclaote  gj  and  hj  of  which  are  all 


aultlpole  sec 


!S  eoBCalolng  Pj(eoaS)eoeB»  a 
h degree  and  ach  order)  up  co 


■i. 


J.7^ 


A-l); 


■ ■ r 56  Cn-Ab) 


U • -»ln9coiSo+coi«>IneuCoiW+Xu) 

y - -atD<siD»+coBjcos6cot<*>«^-t-XQ) 
t - -C0afi9lQ(*-«9+>g) 


and  B can  be  oaglected  vichouc  algntflcant 
Juplcar'a  near  Meld.  The  field  coeponenci 
G,  equecioria  (C-16)-<G-I8)) 


becnee  (aee  Appendix 


fl  abanl  2.0  Rj,  eijuaclona  (Il-6a>-£n-6c)  reduce 
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8 II-3  and  Figure  II -1  lllmcrit*  the  aecurecy  o 

glvee  the  Mgnetlt  field  etrength  In  Geu.e  ee  the  planetary  igrf.te 
a function  of  gyncen  III  longitude  and  Jovlgraphlc  latitude.  There 
are  t»o  entrlea  for  each  longitude  end  latitude.  The  upper  nuiber 
oath  pair  danncea  the  field  ae  coaputed  fro.  the  0*  ..Iclpola 
expanalon  and  Che  lower  one  that  c»puced  fro.  the  flve-dlpole  mde 
The  dlffereneaa  In  the  palra  of  field  etrength  values  are  lean  than 


dlfferopcaa  rapidly  beooiae  aaaller  when  r la  Increased  beyond  1 
can  seen  fro.  Table  11-3.  The  teat  provided  by  Figure  Il-l 
dlacuesed  In  the  neat  section. 


Aopllcaclona  of  the  Five- 
although  Che  ugnetlc  f 


tll-5a)-fll-5c)  derived 
1 be  appreciably  al.pler 
. equBtlona  CD-2a)-(D-2c», 


o tnoae  of  the  Og  aodel  <see  Appendix 
they  are  ouch  easier  to  .anlpulate.  parclculerly  In  Iterative 
cospucationa.  In  so.e  caleulatlone.  such  as  chose  necessary  I 
plotting  of  laocootoura  of  ugnetlc  field  strength.  It  Is  use 


expedltlmii  to  utc  ouccaiiiiro  oppraxlBocioso 
the  first  epproxlastioQ,  the  exact  equeclooa 

offaec  froo  the  orlgio  (see  Appendix  G,  equetlona 

by  teatorlna  the  offaet  of  the  -eeJn  dipole."  Ther 
the  final  leocontour  veluea  ate  detenlned  fcoa  the 
dipole  aodel  by  uelng  the  Taylor  eipanalon  with  th> 
derlvatlvee.  He  have  eaployed  such  procedurea  In  I 
Appendix  G)  and  alec  have  plotted  a variety  of  flel 
quantities  froa  the  flvs-dlpole  aodel  In  Figure 


’-l0a)Sf-l0e)  are 
Lit  but  aaaualng  no 
:-la)-<0-lc»; 


>l  through  Figure 


I.  longitude  plot  of 
:he  Jovian  equator  a 


>y  Gsrnavlch 


In  Appendix  G,  uhlch  la  derived  froa 
uere  found  to  be  indietlngulaheble  £■ 

[1983]  froa  the  Dg  aultlpole  expansion.  FrM  Table  n-2.  Table  IT-3 
nod  Figure  II-l,  It  la  apparent  that  there  la  no  appreciable  sacrifice 
In  accuracy  when  the  equations  based  on  the  five-dlpole  aodel  Instead 
of  Og  Biltlpole  aodel  are  used  for  determining  the  aegnetlc  field  at 
any  point  In  Jupiter's  Inner  aagnetosphere. 

The  curves  In  Figure  11-2  through  Figure  11-7  uere  also  computed 
froa  Che  flve-dlpole  aodel.  Figure  U-?  and  Figure  11-3  are  northarn 
and  southern  healaphere  latitude  vs.  longitude  plots  of  Isocontaors  of 
aegnetlc  field  ettengeh  on  Che  surface  geueratsd  hy  the  aldlloe  of  the 
lo  flux  tubs:  the  field  lines  of  Figures  tI-2  and  11-3  ace  the  sane  as 


Chote  fhDVD  In  figure  II-l.  Flgum 
beighcs  Above  Che  cloud-cop  level  ol 
ACrengch  chec  ore  plocced  in  Figure 
In  Figure  H-6  ind  Figure  II-7  indlc 
frequency  gredlenc  elong  che  lo  flux 
cube  hAvlng  che  velue  of  che  eleccro 


Figure  11-5  Indlcece  c 
coocoure  of  segnecu  fli 
Figure  XX-3.  gech  cur' 
eleccron  cyclocron 


flve-dlpole  uodel  irtl  I undoubtedly  be  ueeful  In  che  aodellog  of 
verlouA  cypee  of  Juplcer'e  eegnecospherle  phenoeena,  including  ch 
deoeeecrlc  radleclon.  Figure  XI -4  end  Figure  XX-7  uU  1 he  of 
pecclculor  value  In  che  atudy  of  JovUn  S huiece.  The  eeaeured  d 

rece  of  che  eleccroo  cyclocroo  frequency  of  a given  S buret  ^ 

divided  by  che  electron  cyclocron  frequency  gradient  along  ch 
flux  cube  ehould  yield  che  epproxlaace  velocity  of  che  S buret 
ealeelcn  eource  along  che  lo  flux  tube.  The  value  of  ^ nan  be 
froa  Figure  IX-6  or  Figure  11-7;  Ic  la  che  otdlnece  for  uhlch  the 
abecleaa  la  the  hnovn  Syecea  III  longitude  of  lo  at  che  clae  of 
obaecvatlon  (a  longitude  correction  having  fleet  been  aade  to  ecci 


*•  Porlvettoe  of  gxprooelone  for  che  S bvret  Freoueocy  Drift 


Juplcer’e  decaaetrlc  5 burace  ere  el.eye  -lo-related,"  and  alwye 
c from  higher  to  lover  fcequenclea  at  racea  chec  are  ueually  free 


hlexander,  1963{.  They 


preeuubly  originate  o 
g«aerall7  «iau«ed  chat 


th«  ftetiuem:?  of  aalialoo  of  an  $ burac  {and 

’t  fceqoaocy  drift  race  la  baliavad  lo  ceaulc 
anurca  upward  along  cha  lo  flute  Cuba,  thua  ch 
proporclonal  co  the  negaclra  of  cha  produce  o 


Che  aourc,  ..loelej  along  ch.  lo  flu.  Cuba  aud  cha  field  atrengch 
gradlaoc  along  Ic.  Ic  la  apparent  froa  Figure  11-6  and  Figure  II- 
chat  the  elacccon  cyclotron  frequency  gradlenca 
value  of  frequency  do 


y appreciably  w] 


a longlcuda  at  cha  cine  the) 
point  ulll  be  dlacuaaed  further  ac  the  end  of  chla  aacc 
derlvaclon  ehtch  folloua,  a alnple  e.preaalon  for  Che  di 
bur. to  an  a function  of  longitude  and  chair  fraquenclea 
Fro.  equation.  (B-i3a>-(g-5}e>  In  Appandl.  B.  ue  find  ch, 


parclcular 
cha  longlcudea  ac 

lould  also  be  nearly 


(H-8))i  Chat  la.  Cha 
chrough  5 la  taro.  <1 
concrlbuclona  co  B la 
the  origin.)  The  offi 
Jovlcencrlc  dlacance  Co  a polnc  o 
Ic  can  be  nagleccad,  Iharafom,  c 
for  Che  aainaclc  potential  ac  a pi 
faaa  Appendix  H,  aquaclon  (H-9c>) 


:ha  3 dlpolae  can  be  replaced  by  the 
Ln  dipole"  (aee  Appendix  B,  equation 
of  Che  sagnetlc  aoaenca  of  dlpoleo  2 

ae  they  have  different  offaeca  fros 
dipole  lo  no  obbII  coapared  etch  Che 

Che  following  Jovlcencrlc  relation 


magnitude  of  the  magnallo 


acrength  gradient  along  Che  lo  flux  culw  la 


Chen  (aaa  Appendix  H,  equation  (H-13)) 


«J  making  uae  of  the  aquaclona  (0-la>  and  (0-10  In  Appendix  G. 
In  the  alngle  "main  dipole'  approxlmaclnn  ue  have 


D • coahalne,-aln9i;oa9gCoi« 

& " Blndalnf 


defined  In  equation 


The  ftegneclc  i 


■pprsziaeeloea  aese,  indepeodehc  o 
end  Figure  II-7,  Che  celculecloos 


I ecrengch  B le  cenecenc  en  Ice  leocoacouc. 
conetent.  too.  u the  light  of  oqueclon 
veloe  n*  ^ bocoees  o negative  conecanc  on 
)•  Ihui  Che  eloctcon  erclotron  frequency 

longlcude  of  the  field  line 

hlch  veto  note  tlgotoua  chan 


Che  above  approxinice  derivation.)  Ihla  theoretical  prediction  can 
eaally  be  ceaced  obaer.atlonally.  probably  naing  already  puhUahed 
data.  Pot  exanple,  one  need  only  ccapare  the  naan  frequency  drift 
racea  of  s buraca  obtained  at  a frequency  of.  aay.  18  MHz  foe  CXL 
aoutcea  * and  »,  for  uhlch  Che  ,ub-lo  longltudea  ate  quite  dllferoDt- 
The  drift  race  of  che  eleccroo  cyclotron  frequency  of  6 buret  la 
(aee  Appendix  H.  equation  (B-14)) 


'c  la  the  electron  cyclotron  frequeocyi 
V||  la  Che  velocity  of  che  aource  along 
If  the  velocity  of  che  aource  along  the  fie 
• C lollova  chat  the  5 buret  frequency  drift  rate 
a a negative  conecanc.  l.e.,  la  Independent  of 
Purchernore.  In  the  flret  approxlnaclon,  up 
f and  Hj  for  H In  equation  (F-2)  of  Appendix  F, 


at  a given  frequency 
lo'a  longitude. 


JuplCiT,  this  Insqiulltp 


slBpllir  squsciohf  end 


aide  lodleaUng  chat  the  dKfetance  hecwaen 
.hac  conpuced  vlthout  epproxiaatioas  (ahown  ii 
a neillglbU. 


velocity 


»r  different  values  of  f.  hh 
'e  the  followlaj  relation 


Thoe  the  theory  derived  here  predlcte 
electron  cyclotron  (reoueocy  of  s bureta  hi 
velocity  aloes  fhe  flue 
their  frequeoclea.  Hee 


should  be  proportional  to  the  oesatlve  of 
a proportionality  actually  been  observed? 
conflraed.  Aaple  published  data  are  available  fee® 
;tad  proportionality  can  be  tested,  If  It  Is  Indeed 
the  result  Wll  tend  to  verify  the  theory  Itaelf  and 
to  atteat  to  the  conatancy  of  the  source  velocities 


r dlffereot 


predicted  proportionality  la  found  not  to  be 
that  the  velocities  ace  not  oeceaaarlly  the  a, 

It  la  inatructlv*  to  calculate  the  B-parall.l  aourc.  velocltle. 
of  s bureta  corresponding  to  a particular  observed  s burst  delft  rete, 
ualng  the  foregoing  equation.  (II-IS.)  .„d  (II-16b)  (or  »r.  aleply. 
Figure  11-4  or  Figure  n-7).  Pl.gg  .nd  Death  |197»J  observed  S bureta 


The  aagneclc 


ParAMt«ri 


ii 
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TrtU  11-3.  CsaNrlioo  of  » Vtluoo  Obcolood  iroa  tlio  Fl¥»-Dlpolo 


Xazlaua  P«rc*ocit«  Slfforncc 

(X) 


(iurfoco) 


SYSTEM  ■ LONCmOE  C) 


SouthfirD  Uejalipbflrs  Latitude  vs.  Loaglrude  Plot  oE 

Aggregete  of  tk*  Field  Llnea  through  lo'e  Orbit. 
Correepondlug  to  Figure  11-2. 


(0«S 


(0.1  fl) 

( 0.2  « J 


<as  SI  • 

(IS)  . 


0 40  BO  120  160  200  240  2B0  920  S60 

SYSTCM  m.  LONGmjoe  {•) 


Figure  11-4.  pioc  of  Height  above  Cloud-top  Level  ve.  Longitude  lot 
Uaconcours  of  Hegneelc  Field  Strength  in  Figure  11-2 


I 2 


( WI/IMH  »_0I  ) SV/=iV 


60  «20  160  200  240  280  320  360 

SYSTEM  HI  LONGITUDE  OF  10  (*) 


I . Introduction 

In  chin  cbnptnr,  one  of  n nuaber  of  poeelble  types  of  decnoecrlc 
radio  Hlaalon  (DAH)  Bechanleaa  radiating  near  the  local  electron 

necbaolaa  selected  for  the  nodel  la  of  the  type  classified  by 
Goldateln  and  Goercr  [L9A1]  aa  nonlinear  and  Indirect*  Paranetera  of 

obaerved  enissloa  probability  on  the  lo  phaae-CHL  plane,  which  vere 

frequency  range,  35-36  Mbs,  becweec  I960  and  June  1966  [Wilson, 
Warvlch,  and  Libby,  1966],  This  contour  plot  la  reproduced  In  Plgura 


in  vlcbln  a very  United  nagnetoapherlc  region  where 
ura  only  when  the  tc  flua  cube  penetracee  this  reglo 


le  Jovlen  dacanecrlc 


b«cveen  cbe  lan«r  and  ouc«r  iucftcee  of  Che  hoLlov  eoee  eeo  reach 
Berch  <or  Voyedec).  Such  a elfliple  bean  oodel  eey  have  three 

Che  veil  of  the  holloi^'coiie  hean  U>e<,  che  dtfCereoce  becween  the 
half*aagular  opaolnge  of  che  looer  aod  outer  cooioal  eurfacee),  aec 


obierved  data.  The  eecood  vac  dertwed  froa  che  flrar  ua; 


I pereaecers 


aoaewhac  alatLar 


oiarchero 


[-5-] 


fcequeacy 


It  li  obvloui  that  “ce*  Javlaii  lonoiphi 
typical  valua  ot  Che  electcoo  Quahec  dertaicy,  h^,  ta  about 
ca"^  (Raahlaoto  and  Goldatein,  1983J:  hence  Che  ratio  of  cl 
plaana  fcequency  to  the  eleccron  cyclotron  frequency  for  cl 


' electron 


Subacltutlnd  (lll~6) 


(Ill-B 


3.  Growth  gate  foe  tto  TJPMr-Hybrld  Have 
slBpUflod  to 


Tboo  aoglectlos  tl 


Ctaparios  (III-9c)  with  (HI-7)  ond  wo  con  get  Che  following 

reUtioo 


[- 1 - liiSn]  ] 


= - “1  * "2 


(Ill-U) 


Sloc«  > w.  ch«re  any  exist  a product  wave  of  frequency 

Id  Che  preseec  DAM  ealeaiOD  omdel,  the  up-conversion  proceae 
excraordloary  (fast  X)  aode  eleccronegnecle  wave  la  the  result  of  Che 


elecCToacACic  wave  togachar  vlch  an  alactrnaagoatlc  wave  which  eanooE 


\h\ « i^ii  1*1 


ccnae<iueDCly.  the  upper-hybrid  at 

addlclon)  Co  cake  place. 

By  equating  the  V-perallel  coeponenra 


requlrea  Ehat^  ~ 
coed  alecrroacaClc  vavea  wuac 


ralaelon  becween  B2  and  B (Goldaceln  and  C< 


up-convergloa  frcquencj  suit  exceed  th 


^11 


K^l.  . Itj  .(r«2 


(111-17) 


This  selection  ensoree  thee  the  up-c 


ftsceuse  of  the  uDcertelnty  of  eany  of 
u,  V^,  end  V^.  It  Is  difficult  to  directly  eve 

in  If  we  heve  made  Che  slepliflcecloo  thee  dj  " 

;1BUB  and  ualnd  the  following  rsleclooB 


AasuBlng  Chet 


I-I8e) 


th*  r*l«tloDflhlp  bfltvten  chi  coDlciL  ingLl  ^2  ind  chi  angular 
chlcknaai  dij  vould  ha  aacabllihid>  Hast,  vlch  the  help  of  che  five- 
dipole  ■atneclc  field  aodel,  ve  could  dec^ecrlcelLp  celculece  the 


Che  obaarued  dece.  Ttale  procedure  \ 
be  eer?  eucceeeful. 

PollovlQi  la  Che  declvecloo  of 


Plgure  111-3  le  e ploc  of  grove 
bf  equecloo  <II1-U). 


:e  ee  e fnoccloo  o] 


0 ezclce  oblique  propagecioo  oJ 


spproxlutioo. 


%y  titling  the  Lofiritha  on  both  ildei  of  oquoclon 


2 Infilnt  coo*  > 


Suppose 


Dlfferentloctng  (tU-21}  ind  Innortlng  (lll-20b) 


nn^i4) 


•j  .nd  i.j,  U 


polsced  ouc  ch«t  the  VAluet  of  ore  vary  Mnaltiva  to  the  aelectloo 

6.  Spaclflcocton  of  Baao  Paccero 

by  cha  aaourtt  [RaablBoco  and  Goldstaln,  1983] 


Tba  Cana  and  + dX  ara  both  aub-Io  lonslcudea  (Syacea 

propagating  In  tha  Alfveo  currant  tuba  and  tha  lattar  to  the  tlaa 
radiation  waa  actually  aalEtad.  The  geoaatry  ie  ahown  in  Figure 
lll-d,  where  we  have  Ignored  tha  dlatortlon  of  Alfvan  eurraoE  Cuba 
away  froa  tba  Xo  flue  tuba  within  Juplcar'e  naar  field. 

The  ralaclonehlp  between  CML,  dX , (lo  departure  froa  Superior 
Caocaocrlc  ConJuDccloo) , and  Xj^  can  be  obtained  froa  Figure  II1-5 


conical  angle  82  (vlcb  raapect  to  the  aagnetlc  field  8),  and  cha 
conical  angle  6 (with  reepecc  to  cha  radial  vector). 


In  Figure  III-6,  let  the  X exle  be  In  the  direcrlbn  of  SFecea  III 
longlcude  (1965)  ■ 0^,  cbn  Y axle  be  nerpendieuLir  Co  Che  X axle, 

and  Che  2 axle  be  Id  Che  pianecary  epla  axla<  The  X,  Y,  and  Z axes 
fom  a left-hand  coordlnace  ayaceB. 

The  unit  veccor  In  Che  direction  of  Bagnetlc  field  9 la 

n - ^ (B  alnB  e B coa9)coat  + B^ainl]  1 

+ itB^ainfi  + BgCOB0)elnl  - B^eoaXll 

1-  (B^coad  - »j8iae)kt  (111-28) 

where  B^,  B^,  and  B.  are  the  coaponeoca  of  B In  a apherlcal  coordinate 
ayacea;  9 and  A are  Che  colatlcude  and  Syateo  III  longitude  of  aource 
p,  raapaetlvely. 

The  unit  direcclonal  eaccor  of  aource  F coward  Earth  la 

Jg  ■ coaA|jjcoaDg  1 alnljjjCoaDg  J + alnDg  V (111-29) 

where  la  Che  CHL  of  Jupiter;  la  Che  decllnaclon  of  Earth  with 

reapecc  co  Jovlceotrlc  ayacea. 

The  conical  angle  Oj  (relaclve  co  an  obaerver  oo  Earth)  can  be 


*7  {((B^alnB  B,coB9)coal  u 9 alnl)  coal^i^coaDg 


slnX[ljCOflDg 


- 9-BlaS)alfiDg}  fIII-3Q) 

radial  dlrectioo  r la 


Tha  caalcal  ao^la 


*•  BlnealalBlaljjjeaiDg  + coadalaDg 


IhlB  aasle  will  ba  dlaeuaaad 


‘a  o£  rbe  plar  o. 


calculatlea  only  wlchixi  cha  raaga  af  ehe  aub-lo  loagjcude  1,  £roa 


8craa|Bbi  beyond 


The  fiaal  reeulc  of  the  developWDC  eod  flteio^  of  the  redio 
eaieelon  oodel  cm  he  euBsrised  by  Pl«ure  tll-T  and  figure  111-8.  i 

of  exclcatlon  of  the  correapoodlng  Alfven  wave  hy  lo.  The  angular 
thlckneea  0^2  hoLlov  cone  of  enltted  raya  wee  coQpuoed  for  aa< 

nodal.  The  reaulclng  flc  1e  ahovn  lo  Figure  111-8,  the  doe-deahed 
concoura  repreaenclng  the  obeervatlonally  detensloed  data  and  the 

aaauned  chat  refraction  In  Che  Jovian  lonoaphere  ac  35-38  MHz  la 
negligible  loaofar  aa  Che  preaenc  nodel  la  conceroed.  Aa  will  be 


apparcDt 


*Qd  aiMU  [1975). 


flbove-aenciaaed 


(Igure,  an  aacellaDC  fit  »aa  abtalaed 
refractloQ  correctloo,  but  tVia  fit  to 


Mlaslon  of  a rafraccloD 


0.  caltulttiooa  arc  sade  to  detarnloe 
plota  In  Figure  III-8  for  uhlch  the 
iclon  van  probably  juatlfUd,  and  the 


caleulaclon.  are  baaed  on  the  aodel  Joulan  loooapher. 
aaauaed  [Heahlnoto  and  Goldateln,  1983]. 

In  Che  Joutan  loooephete.  Che  refractive  lodea  n 
eleocroMgnetlc  u.vea  u expteaaed  by  the  Appleton-Bar 


pcevloualy 


ClII-33b) 


' -1(^*1 '—V  fr)[r  fr)'- 


Ut  uke  Che  ecsuapclon  ch> 
loeosphece  can  be  reperded  aa  i 
of  Che  loaoepherlc  la^er  la  nej 
radlua.  Ic  (ollove  froa  Snell' 


f which  Che  cediacloo  I 


n epheclcalLp  acrecllled 


Iglble  coopered  vlch  the  Jupiter 
:hac  the  produce  (o  aloS)  U . 
1 id  the  refractive  Index  and 


.a  derivative  glvea 


n coaBdfi  - coaS’dd’ 


angular  chlcknaae  gf 


Inctdanr 


AB'  ia  tke  angular  rhlekneaa 
Although  iha  praaent  aatailc 
no  lonoapheru  refraction, 

denection  due  to  refraction 


otner.  It  le  apparent  f 
deflection  angle  la  g - 
thlckneaa  before  and  aftt 
that  Che  condition  under 


aaall  eoapared  with  the  eua  of 
e before  end  after  refraction, 
th  without  refraction  having  be> 
hen  the  refraction  correction  li 


total  refraotlve 


racclon  le  dg 
refraction  cj 


The  fallowing  relatlona  can  be  obtained  fro.  eguactona  (in-3da)- 
[III-34C) 


t direction  of 


I'all  after  refraction,  the  eocond 


AiiguUr  ttilcloiffia  of 


wall  boforo  rofraccion,  oo  Ic  li  obvioua  tbat 


vhara  OVj  La  cha  angular  tblckneaa  aftar  rafraccloo. 

II  wa  caka  tha  ratio  of  vava  ftaouancy  to  rlght-banil  cutoff 
fraquency,  u/yg  • 1.08,  then  tha  ratloa  of  Uj,/u  and  yp,/y  o»o  be 
evaluatad  fro«  tha  followlog  ralatlona 


Subatltotlng  (tll-37a)  aod  (III-37b)  Into  (lll-33c),  and  taking  tha 
average  of  the  conical  angle.  «j  - 75.3®  for  the  right-hand  and  region 


COM.  value  aeatj^'  ^ 


Inco  Clll'l^b},  ve  obcalo  ttie  value 
tg  refraccloo  le  equal  to  (as  + S'): 


5.7»  froo  Table  IIl-l. 
refractive  Indea  In  (111-38) 

ia  value  le  dealsueted  It 


figure  IIl-B.  Therefore,  only 


cbia  quantity  ia  about  S.Sb-b.gv  s valuea  betwt 
eource  K,  ae  obtained  froa  figure  IlI-lO.  The  valuea  of 
aogle  (l,e.,  the  total  refractive  deflection  angle  S-S') 
valuea  of  S are  Hated  in  Table  I1I-4,  ae  calculated  from  the 
hand  aide  of  (XIl-3SbJ.  The  aaounte  by  tfhlch  different  parti 


n BI®-84® 


•ourcc  k Mce  (blfced  to  Che  left  br  cefrecclon  ten  nov  be  eeilumced. 
lot  exeapU,  the  bending  engle  for  chat  pert  hevlog  3 valuta  becveeo 
about  81®  eod  8*®  la  appraxlucely  12®.  The  oorraapoodlug  decreeae  In 


peat  the  excteae  left-hand  boundary  of  aoucee  t io  the  figure).  Pot 
the  ocher  valuta  of  g which  are  greater  than  76.4®,  the  ease  la  true. 
If  the  value  of  3 la  lean  cbao  76.4®.  there  will  be  conalderably  lean 


change  of  CHL,  eapeclallr  foe  the  region  near  the  left-hand  boundary, 
only  about  5®-0®.  The  effect  of  refraction  for  ouch  valuee  of  3 la  to 
nova  the  left-hand  boundary  a relatively  asall  aaounc  to  Che  left,  but 

cbe  ofaaerved  contour.  It  la  apparent  frou  the  foregoing  arguaenc  chat 
when  the  eoclre  nodeled  aource  A cootour  la  corrected  for  refraction 


fualng  Che  aeauned  nodel  Jovian  loooephere),  the  corrected  contour 


9.  Cooclualon 

The  aucceea  of  the  Jovian  decaaetrlc  ealaeloo  nodel  developed  la 
ehla  chapeec  vae  due  In  oo  anall  part  Co  the  Uniting  of  Che 
obaarvaclonal  data  ueed  aa  Ita  baala  Co  a quite  high  frequency  range, 
35  to  36  KBa,  which  la  cbe  blgheac  range  of  the  available  dace  aeta. 
Since  the  esltced  frequency  la  pcaaunably  only  allghtly  above  Che 
local  eleccron  cyclotron  frequency,  the  poaelble  aource  locaclona  In 
cbe  Jovian  lonoaphere  are  confined  Co  the  relatively  anall  area  within 
which  Che  Jovian  ntgneclc  field  la  near  lea  blgheac  value.  Aa  a 


rciulc,  oalj  ch«  lource  A Aod  i CHL  resioae  mre  prescac  (lource  C not 
oecurrioj  ac  such  hdgb  frAduenclAA>,  and  che^  were  such  ware 

which  Che  eub-lo  Laeglcude  le  167^  on  Che  Xo  pheee-CHL  pioc  In  Figure 
ZKl'l  Tieecly  eeperacee  Che  eource  A ead  eauree  R coacour  eyecewe.  Ac 

praheblllcy  ie  plocced  ve.  eub-Ia  langlcude.  greedy  capllceclag 
BOdellag  prablewe. 

Aaocher  coaeeduence  of  the  uee  of  Che  hlgheee  feeelhle  frequency 
reage  wee  cbec  Juplcer'e  lanoepherlc  cefreccloo  effecce  were 
wlalwUed.  Xn  Secclan  6,  raugh  eeclmecee  have  been  wade  af  Che  exceac 

wodeL.  Ic  wee  forcunece  Indeed  chat  the  refraction  of  aource  g raya 


B raya  would  probably  nc 


« dlfflculc  Co  replot  c> 


ccaplecely,  caking  loco  at 


e haa  already  been  ehowo,  che  new 


The  preienc  iuctee.ful  aodelUK  o(  Jupiter'i  decraecrlc  ealieiaa 
•echdiu.,  opea,  „p  .ev.r.l  ..eniee  for  further  Kdellog.  Perhmp.  the 
o«t  etep  I,  to  .ccee.pt  che  «delIog  of  .ource.  A .ad  B .t  . louer 

frequenoy  r.oge.  .„d  h.ther  or  not  «urc.  C ol.o  „ke. 

.ppeeriote.  Mother  chlog  thee  need,  to  be  dooe  I,  to  eccpc  to 
reeonctle  Che  three  type,  of  hoUou-cone  esleeioo  oodele  thee  heve 
beeo  ueed  to  ecrouzit  for  quite  different  Jovlen  pheooeei..:  che 

preeent  eodel  for  occurrence  probability  on  che  lo  pheee-CHL  plane 
the  bolla»-eone  nodel  of  Cold.c.ln  end  Ihl«Mn  fiseil  for  dynenu 
apeeer.l  erca,  and  che  hollow-cone  aodel  of  Keede  end  Cerr  fl9B4- 
1985)  Co  account  for  the  reaulca  of  elaultaoeoue  obeervaclone  of 
Jo.lan  ectlvlt,  at  KHe  oht.loed  fro.  the  fn.  Voyeger  epacecraft 
and  froa  ground  ecatlone. 

Finally,  che  eucoeae  of  the  eolaelon  Model  cteecee  a new  need  for 
additional  Jovian  d.ca«trlc  obaerv.tlona,  particularly  at  fr.quencleo 
above  J5  HHe.  Contlnuooe  unlcorlng  of  Jupiter  ecclvlty  chroughouc 
the  approaching  yeare  for  che  lunepoc  alnioua  le  needed.  Such 
aonltorlog  ehould  Include  banda  between  3S  and  36  MHa  and  31 

and  32  NBi.  New  data  In  the  3S-36  MHe  hi 
ceatlng  end  encending  che  preeent  iiodel  and  chat 
would  be  uaed  lor  vdellng  at  a lower  frequaocy. 
developed  In  che  preeent  -odel  will  alao  open  un  , 


d be  Invaluable  f. 


'w  poaelblllclee  fi 


le  Interpretation  of  che  Jovian  polarli.tlon 


obaervatlooa. 
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Total  Ralracclve  Oefleetloo  Angle  8-8'  •»  • Fiinotlon  o( 
Angle  8.  B ii  the  engle  between  e sld-ray  of  the 
ealcted  bollow-cone  beee  end  the  loooBpherlc  oornel'B* 
U the  oorreepondlng  angle  after  refraction  haa  taken 
place.  Both  are  In  degreea. 


lof>«i<yd«  el  Ctnitel  Minfien  (Deeitei) 


III-2.  A SchMatlc  View  ol  a Three-Hawe  lateracclon.  An 

clectroatacic  wave  ES  flrat  excites  the  upper-hybrid 
wave  UHj , then  It  can  decay  into  an  eleciroatatlc  wave 
ESi  and  an  electromagnetic  wave  EMj  which  cannot  pro- 
?iEate.  The  electrostatic  wave  ESi  coniines  with  another 
upper-hybrid  wave  UH2  which  was  generated  nearby,  pro- 
ducing eleccronagnectc  wave  EHo, 


-75- 


r 


uppcr-b;rbrld  wave  and  the  ugnaclc 


SGC 


Figure  111-5,  ReUtlonahlp  becueee  CM.,  LX.  y and  X . SSC  denocea 
superior  geocentric  conjunction  with  reapect  to  Earth, 


Kagpeclc 


Spherical 


Modeled  Source  A Region  from  Figure  III-8,  Uncorrecced 
for  Relreccloa*  with  labeled  Cootoura  Xodlceclog  the 
DUeeclone  of  the  Emitted  Reya  with  Reapect  to  Che 


AFFENDIX  A 

KABIAI,  VECTOR.  WCNEIIC  nELO,  AMB 
HACNETIC  SCALAR  POTENTIAL  P08  SINCIE  DIPOLE 


For  1 ApierUal  coordloste  apsten  of  Jupiter,  we  cliooee  the  origin 
to  be  Bt  Che  center  of  Jupiter,  Z eule  to  be  tbe  pleaecarv  epln  eels, 
it  exli  In  Che  direction  couerd  which  eicgle  dipole  B Is  tUced,  end 


In  Figure  A-1,  ue  Introduce  Che  following  nocaclon 

H ugnlc^e  of  Che  Bagnetlc  nooenc  vector  B of  alngle 

r Jovleenccic  distance  to  Che  given  point  P In  Jupiter 


^ Jupiter  radii;  ^ 

colacltude  of  the  point  P,  l.e.,  the  angle  frca  the 


offset  distance  of  dipole  in  Jupiter  radii; 

Systen  III  longitude  toward  which  B Is  tilted; 
latitude  of  offaec: 

SysteiB  III  Longitude  of  offset; 

longitude  of  offset  as  aeaeured  eastward  from  X aula, 


rKI 


] 


Multiplying  (A-l«)  by  plne^  or  co«S^  anil  (A-U)  by  coa9  or  (-; 
reBpectlvoIy,  and  adding  tben  wa  obtain  tha  following  anpteaalons 


the  relatione  aaong  r^.  9*.  and  •*  can  be  eatabllehed  f 
(A-9c)t  as  followB 


r ein9»coia*  - -r*D  * 


2.  Magnetic  Field  5 


S - T . Z 


t 


(A-9) 


Vecccc  pncantlal  Z can  be  expreaaed  aa 

Z - R 


Thus  (A-9J  leada  ua  Co 

3 . 7 . (7^  . R)  . (g.7)j^  . (7.7i-)B  - bi-  • Vfi  + (7-M)b-!-  (A-11) 


8 ■ - -H-9-8 


(A-13)  bCCOIKS 


1-  m . a-hz 

B.T.T.B.g 


Vltn  thehslpof  (A-14).  (A-i5»).Md  (A-15b),  (A-12)  can b«  written  aa 


A-16) 


HsBpetic  Scalar  Poeeatlal 


' (V  ' , aci!  - -I  • (V»5) 


• J)H  - M - (7  ■ 


Invoking  cbo  voccor  identity 

7(J-!)  - (X-7)S  + (i-V)X  » X » (7»X)  + S > (V»X> 


Compariag  <A-19)  w 


To  substitute  (A-fia)  and  (A-8c) 


(A-2CJ),  ve  have 


proceed  Co  elivllfy  cbe 


" (slAdelod 


- eosdcoee  coep  )(coi6  Bins  - slap  cos&  coep  ) 


(eiodcosd  •r  coedfllae  coed  HcoeS  eoB&  * alafi  slnfi  coed  ) 


dlfferencUl  form  of  CsuloiA  expansloe  gives 


aobsclcucloo 


APPBNIltX  B 

U EQUATIONS  OBTAINED  BY 
EQUATING  KAGNETIC  SCALAR  POTENTIALS 


TruDCAClDS  the  tilBher  order  eeriu  efcer  o ■ A lo  CA-2S}.  wa  Uva 


Appendix  A.  Tho  diffarantldl  relation  of  LeBondre  polynomials  is 

P;(x)  - P;.2<»)  • 


Equation  (D-2)  can  be  cewritteo  as 


(B-3) 


SubdCltuciQg 


■c>fl  (•^)'“4an-i: 

'o-l  ' 


P^.j(x)]}  (B-4) 


) ■ J ^ CuTT'^  {eoM#^co*ti>^+*iBB*^BijiBBg)f^(eln5  )^(«ob0^) 


Vi'*’ ■ L ^ 


The  term  F in  <B-Ib)  cen  be  tiTOverteil  Into 


FtoD  flow  oo,  we  omit  the  argtaent  eos$  In  Legendre  pelynomlele  for  tbe 


<B-8) 


(C092»|jC0s2»^4*la2«^slii2»  )P^_,  (alaj)P^ 
(co«3*^co»3»^»aln3«^slii3»^)P^  |{91d5JP^ 


Proa  recurreaea  reUtlons  we  have 

(b-bH)P^I  - (2a+l)P®-P”  + (Btl«)P".;  • 0 
■ ’’a^l  ■ 


{B-9) 


<»-10s) 

(B-lOb) 


(2a*l)(pJ-^>  ■ (a-BH)p”^|  + 


Che  partial  coelflclaot 


^ 1^' 


, 2(n-2)!  I , ,,„1  1 I 

n!  I (Q-1>P^  + nP^_2  JP^.j  (8lnfi>cofl  S^iin  f aia  $ 


2 , ® 

* 1^77  Pp_j (alni >co8fl^BlB»  TP*  ,alnB 
P^co82»^  (for  m-  2) 

(2o-l)[  y.  (pj'P*_j)P^_j<>iD5)slo6j|CoM^eoi^» 

* " (o»l)!  cob2*  ] 

2(n-2>!  „2  2 1 (l«o«2*  ) 

■ B!  ' ’^n-2^  5 

. 2(ri-3>l  ,,  ,,  5 , 2 • , 

(n+i)!  I (^“PlPj,  + 

■ *075^ 


»^';-,.';..>■. 


* (u+Tji  I (d~3)P^  * (n+2)P^  cosS?  eo634 

■ 'ln<T)n(o^Tre^ 

* "<ir+2)(D+l)ii(n-I)  lB-2) 

, ® 

* ‘(n+l)o<n-l)(ti-2) 


(2n-UI  (u+ij;  (P|*P^_ (6in5>*lBe^ein2«  cosi  aln2f 

* (b+2)!  8ln3e  ] 

2(a-3>!  „3  .3  , 2 (»ln3*  «ln»,) 

• (o»i)!'  - Pn_2)P„.j  !®tn«)«ln9o»lfl2*^  ij 2- 

* (b+2>!  t (®“3)P^  + (a+2)p^_2JP^_j  (®ln3)co«fl^8iji3#  81b3« 
■ •(n+l)n(D-l)(n-2S'  •’Ll 

* (n-t-2HD+l)n(n-l)(n-2)  %-i  <®‘®‘)'»»9o®l®3*olP„®ln3t^ 


(2n-3 


p;.j(x>  - {2a-3)P^.j(x) 


t (2n-7)P^_^(x)  ♦ P^.jCx) 


With  the  substicuclni  of  (B-23a),  the 


(B-22)  betooee 


f2D-5)<P®cos6^  + pjalBe^coB*^)  • 

l»  (0^3)!  elnmo^eliiiWj)! 

(»-24) 


By  dolaj  the  asse  procedure  In  (B-24)  aa  before,  ue  get  the  foUoulng 
caialoga  baaed  by  the  first  tern. 

ffb-S) [ (P®'P^_j>P^_j(aib4)goB3^} 

• 1<o-2>P^_2  + lb-3>P^_^JP^_2(BlBfi>cOBe^ 

0 ® « n ® 

• 1 (B-2)P®_j(8in!)coBe^)P®_j  + I (B-3)P®_j(slaS)coae^IP®_j  (B-2S) 


(2n-5) I f?J*P®^j)P®_2(alnd Jeinfl^coadg 


2 , ® 

' '■  n(i.-I)(n-2)  Vl<®‘”‘^'‘>’V«"^*o'*’n-2“‘^*a 
“here  P^_j{iifl5)  : 0 and  P^_^(Blafi)  = 0 for  n < 4 (B-34 

-<2n-3)  lp}(«laS)P^_j(alnd)Jalnej|eos*^aln20jjP*  ,«ln2« 

2(0-411  f,„3  , , ..  3 , <alo3*  *din*  1 

" ■ ' |IP^_j(dlo6)  - P^_j(ain5) Jalofi^  ^ 

+ 1 <n-3)P^_j (elndj  + <0-2>P^_j(Biji5)3c08fi^Bin2d^| 

, ® 

■ I"  n(n-I)  (o-2)  in-3)  ^o_i  ^®^^)44h®g8ih34g  JP^  2*^^® 

3 ® 

* n(n-lHn-2)(n-3) 

, , ® . ’ 


_-(aio6)  s 0 for  n < 


(20)  p“_j  (for  I . 0) 

-(2o-7)  |lp|  (Bind  >P^_^(aiti5)  Inine^cosJ^P** 
♦ l''J(*i“«)>’n.4(»U>d)Jcosfi^p“_^| 


* Un-3)p“_j<sla4)  ♦ (n-4)p°_j(,m4) Jcose^j  p“_^ 

, ® „ ° ® 

• * l-ta-3)P“.3(»tn4>i:o«S^lp‘’_ 

where  P°_5<elnS)  = 0 end  P^  jtelnd)  5 0 for  n < 4 


foLlCPblDg 


t8la5)elne  eos$  ] 


l‘"-2)f°.3Uln«)eo»6^)p°_j  -f  [-(n-2)p®  j(«iu«)co«e  Jp°  ^ . 

,8  . . @ 

• P*_3{BlB4)sljie^COS4  [p^  2 ■ aI 


(o-2)(n-3)  ^d-2*  **®'  App«""ll*  c. 

•quBCloQ  <C-4c)J 

® 

P .<il£6)elne  6084 


a ® , ® 

o-2"”s  * 

" |P^,_2(aln6)  - (»ln5)]8lnfl^P* 

. 2 @ 

' '■(n-l)(ii-2)'  I*"  AppendiK  C, 

eqiucioB  (C-«b)] 

. 2 ® 

1 2 ® 

* '■  (n-1)  (n-i7  2'°”s  ■ ° 

, © 

'(a-H)n(B-l)(n-iT  ^o-: 

1 2 ® 

* **  tB-l> in-2)  ^A2a5)8iiiepCos2*  ]P*_-co»* 

“ P^  , (einfi)slafi  cob2a  f-7 — ^ p^  i pi  1. 

” ^ (n4'l)n(n-l)(n*2)  n (d-1)  tn-2)  o-2^^ 


• 1- P^.,(sia«)alne^co«2»  )P  co. 

! can  add  thn  fallowing  to  P^cob«  cerr 
■ n(n*l] 


(23)  adding  for  P^alnf 

2 . ® ' 
i^T7  Pn,l  (®l“Ocooe^oind^]P* 

* 1"  P„_|<alii6)coi8  ain«  ]p‘  ,aln*  • 0 


Pp_3<»l“S)co»e^iIii«  )f  ‘ 8laj 
2 . ® 

* 1“  fp_3t"^^)co»e  Bin*  _i 


. 2 ® 
* (n-l)<n-2) 


■ P^  .tainOslAS  filn2»  I , . , , , ^ ^ p^  - _ — P^ 

o ’o' (n+l)n(ii-lHii-2)  '^n  (o-IXb-2)  '^n-2 

equBCloQ  (C-4d]] 

• I*  jjjjjYy  B-i**^**'“'®o*^^*o'^*‘*“* 


TTiuB  we  COB  add  cbe  followlBg  CO  P^alof  tenn 

5<iv*T7 'o-l‘‘^*^*^®o’*“^*o'  (B-3S) 

(2d)  addlog  for  P^coa2d 

2 "2  ® 

*n(o-l)(n-2)  ^n-1  (•i"*)"*6p“»2»olP^.20oa2» 

2 2 ® 

* o(b-1Kb-2)  ^b-1  2®®“^^  " ® 


. 3 ® 

* I-  o(n-:)(n-2)<o-3>  n-1 n-2'°’^*«  ' 
3 ® 

I (sin{]8la9  co63«  JP^  cos: 


(0+2)  (n+On  tn-1)  (ft-2)  (n-35 
* '■  n(ii-l)(i-2Hn-3)  'o-I 
" P I (8lfli>ein6  cos3» 


<eln$)eln9  ci 


o'  (n+2Ho+l)n(n-l)(ci-2)(D-3: 


■ n<n-l)(n-2)(n-3)  n-2" 


- P^.,(sloi)»lne^cos3t^r-  p|)«s2«,  (s«^Awordl> 

(C-4f)J 

■ 1-  <n+2)(i+l>n(n-l) 

'■  {n+2)(n+lin(n-n  ’’Ll  cos3*„l  (8-40) 


_,(i1b4)cos9  olii2»  ]P  _,sin2* 


■ n(n-l)fa-2i<n-3)  '‘I- 


ir  perforaiaj  the  precedlog  steps  free  (B-13)  to  (B-41),  now 
:lte  the  expression  of  osgneclc  potentlsl  for  single  dipole  s 

^ I [^]  I P^(cos0  ) (C®cosn»p  + H***sinmo  ) 
c n-1  I'  J »-0  " ' ” ® ® 


• nP^_j  (elnS)eose^  - p’_j  (slnDslnS^eoee 


TTo  P„.[<sind)slne^ein2» 
T Pjl.i  (sldi  )slnS  o( 


■ Tn^HoTTKCn^  n-l‘*‘'‘‘^“^V°“^*o  <B-42d) 

P‘.l(slnd>.lne^slnp^  4 F^_,<sli.i)co.0^sin2d^ 

■ (o«Hn+l)n<a-l)  (B-ife) 

(slnd)slne  cos2s 


(nel)n(n-l)  (n-2) 

* (n+2)(n+l)n(n-l)(n-2)  ^n-1 


(n+l)n(n-mB-2'i'  Vl 


* (■>+2)(n+liu(n-l)(i>-2)  Vl 

(n+2)  (n-H)o<n-I)(B-2)<n-3)  (»-42h) 

■5r«hiH-l)B<n-l)(i.-2)(n-3)  fa-i(»l"«)eine„»la34^  (8-421) 


e folloviag 


2P|(«lji5)cin9^  - pJ(«la«)Bla6  cos«  (B-44«) 

Pj  (Sln4)sia6^  + f|(a1ii4)cob9  cos*  <B-44b) 

p|(slD4)Gose^slD*  <8-44c) 

jp}  (slo«)»lne^eo«t^  (B-44d) 

jp[  (slBS).lae^.lDe^  (8^4,, 


2(>ioS)cose^  - P2(iic{)>ln9  cost 
Pj<«lD4)«In«^  + i pj(BlB6)cose^t:oi» 
F2(sln5)BlB9  cdb2$ 

p2(Bin5)cofl&  b1ji9 
P2<BlD4)elxie^BlA2f 

p2(BlB6)aInej^eo»«^  » -i  p^(»inS)coBe  csa2t 

P2<aiDi)Bin9^«ln*^  ♦ ^ p|<sluS)coBe  Bln2* 

PjtaioijBlaS  cob2b 
p|(Blji5}slnd^Bln29 


<»-45c) 


(B-45I) 

(B-458) 


<Bln{)coBe^  - Pj(Bln4)Blne  COB*  (B-46») 

(BlnOBlnS^  + i PjtBloOcsaS  caa« 

55  Pj!Blo«)aine^cos29^  (B-461) 

5 pi(alad)codS  Blna 
55  F2(aln5>slnB^BlB29 


Substituting  <B-4&a)  sad  (l-4gb)  1 


1 (t^cossA  + l^sljiaA  )cosvd 


+ l^eossA^)slnBd} 


uhscs 


<B-4as)-(B-461). 


bt  HiBistli:  PetsctlsI  for  Flvt-Pipsis  mti. 


IS  Bsgnetlc  patcntlsl  for  5 dlpolss  can  bs  obcali 
s(]oatloB  <B-49)  for  all  5 dipole*,  as  follous 


I Vj 


- ««)  -2-^:7; ^ PjCccsB)  • 

|l<^CI)eoiaiA^(l)  * I^(l>»liiai^(i))co»«» 

♦ l-(^(l)*innA^(l)  * H^U)co*ii»^(1>J*1mi1 


where  eyebeU  of  1^(1),  H^(i)  .„d  the  p.r.oetets  for  eeoh  dipole  . 
the  sue  aa  choee  for  alngU  dipole.  Juat  ^(1).  j (1),  * ( 
rj.U).  iU).  and  B(i)  inacead  of  G*.  H*.  fl  . * , i , r , ft,  and  ft 
reapecclvely. 


• C«»P*ttegii  of  Magnetic  PocenclaU  for  Flve-Ptpole  a 
From  the  0^  nodel,  Juplter’a  coagnetlc  poteotlal  la 

V • a f (^)°**  J (Aoao*  » h“alna*)p“‘(aoa9) 
n-1  ' B-0  ^ ■>  " 


e Schmidt  coefflclenta; 


e aubatltutlon  ol 


I nagnatlc  potential  ol 


(7)“**  ^ (gJcoBn*  ♦ h*alnm»)p“<coe«) 


By  equating  the  coefflclenta  of  the  Teaaeral  Harmonica  1 
and  mtb  order,  we  have  24  equatlona  containing  24  adjuatabla 

For  the  eake  of  almpllclcy,  we  denote  G®,  H*,  9 , a , 1 
and  H instead  of  G^d).  1^(1).  0^(i),  ^ j, 
H(l>,  teapectlvely,  and  designate  ^ Instead  of  \ 


Follcvlng 


I Kg“  - g“  (B-53.) 
J KcJc6«X^  • jJ  (6-53b) 
i MG[(-llny  . h[  (B-53C) 
I . 8°  (B-53d) 


I Mc„(clco.X„  Ki>lnA„>  • — gi  IB-53e) 

I ° ' ° ■'  ° /J 

I Mr  (-cieloi  + alcoij  ) ■ — h!  (»-53f) 

j 6 r s z o ^ i 

J Kr^<C*c«g2X^  t il|eio2\^)  " ^ 83 


I Mr^<-G?>lD2i  + a|eo«2»  ) • — 1-  h?  (B-53«) 

1 6 J 0 d 0 j 


(B-530) 


APPENDIX 


where  x is  the  arguaeQc  of  the  assoclxted  Legendre  polTnoalele; 
ODltted  It  in  the  Legendre  functions  for  the  sell 


, equacion  CC-3)  becones 


equacion  (C-3)  hecoetee 


Foe  o - i,  o ■ i + 3,  equation  <C-3>  bacobee 


(n+I)B(n-J)  £n-2) 


(n-i)(o-2)  ^n-2  " n(n*tl)  ^o 


For  I#  • 2,  a a t * 2,  equation  <C-3)  becoaes 


iT(n*I)  (0-2)  <n-3 


(C-4e) 


equacicm  (C-3) 


(n+2Hn+l)  *’n 


(n+2)  (n+I><n-2)  (n-3)  n-2 
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HAGKinC  POTENIIAL 
AND  MAGNETIC  FIELD  OF  0.  MODEL 


HAgnecU  polCDClAl  V 


i ! 


(Sf,COSB$  + I^BljlM)P"<C( 


i Schnldt-oorvallzed  Legendr«  palTncnzlali  v 


p“(*)  - P|j(i) 


p{<x)  ■ (1-x^)^ 


pD(«)  • ^ 


dp3(»>/d«  .|(5«*-1)  d^Pj(x)/d»’  • 15 


dP®(x)/dx  . 3x 


Pj(x)  ■ 13<l-x^)J^x 


,0<»)  - I (5»’-3x) 


dP^ (x)dx 


dPjdj/dx 


dPj{x)/dx  - (l-x^>l^x 


The  Qigoeile  field  I c,n  be  obtained  from 

ff.-VV 


(0-2) 


S in  spherical  coordlnece  aysceie  are 


®r  “ ■ ■ Ij  J (^co«m»  + h”eUuxd)p“(coee)  (D-2a) 

” T Te  “ 1 I (^cobbo  + h°Binpb>  — 


(gj^BiniM  - h“coaB*)P*(eos9)  (D-2c) 


The  Jupiter's  surfsee  is  gives  sl^ly 


e • 0.M5  (fUctenlng  rsce). 
Flfcees  cpefflelencs  of  the  field 
Hess  [1976),  as  follows 


APPENDIX 


PARAHTIESS  01 


U)  If  rsplAclAg  -r^  by  ■*’ 


(2)  It  r«pl«ciDg  i 
<3)  If  r«pl»cUig  I 


AFPENDi:; 


le  nagcetlc  field  6 of  ilogle 


The  coBpacencs  B . B„,  and  B.  of  the  aagneclc  field  9 ij 


, 3Heoee*  - Mco«e«  2Mcoea« 


. fl  - W(-elie»)  . H| 


le  ugcetlc  field  BCcengch  B 


The  equacloni  o 


^ce  X Is  defloeij  la  (A-22).  Substituting  (F-3a>  snd  <A-8b>  into 


(f-5) 


For  the  sub~lo  position,  we  use 


(F-«b) 

(F-Sc) 


Applying 


(A-fc) 


F-3a) 


Thiis.  for  the  lo  flux  tuhe.  eubitlcuclon  of  (F-6e)-Cr-6c)  into  (F-8) 


Therefore,  Che  expreneloos  <F-3e)-(F-3c>  In  X*y*Z*  eyetea  cen  be  con- 
verted Into  Che  following  onee  In  XYZ  eyecen 


spherical  ccNscdinaces 


(t.  S.  a)  of  a point  irtch  a certain  Bagnecic  field  acrength.  ehleh  la 
located  cm  Che  lo  flu*  cuhe,  ao  that  the  Bagnecic  field  foe  single  d:4>ole 
aa  the  first  approxlBatlon  of  Jupiter's  Bopietlc 


reasonably  considered 


AFPZUDIX  C 
ISOCONTOUI  OP 
M»roniC  FI!U)  STR£SCI« 

*•  £v«lu«cloii  et  Spherlctl  CaerJlintM  (r.  ».)  of  Istcontoiir  for 


For  [Ke  first  opproximtlon,  with  Ignoring  the  offset  r of  eingU 
dipole,  the  equations  (F-?),  (F-lOa).  <F-10b).  and  (F-10c>  become 


(G-Ib) 

(G-le) 


CoBbinaclOD  of  (G-la)  and  <G-le)  yields 


(G-3) 


(G-lb) 


vhil«  9^  ■ 90*,  (A-4a)  gives  D ■ -co©9  < 0;  s«,  we  only  can  cake  cbe 

negative  cone  of  S for  D.  Hiat  la 


<C-4b) 


e,  - eir.-*,^-  9^ 


(C-*e) 


(2> 


Subaclcuclng  (C-S)  Into  (G-3>,  we  gee 


(A-S), 


For  JovUa  noccbem  beffllsphere.  If  r < there  exists 


PlOB  (A-4s).  (A-Ac).  and  (G-7).  there  le 


(G-8e) 


(C-Sa) 


Therefore,  the  epherleel  coordlnecee  r*”,  end  are  con^plete 

for  the  first  epproxlaatlon  of  elD|Le  dipole. 

Conelderlog  the  offiet  r of  single  dipole,  ve  can  solve  the 
squetlons  (P-lOe).  (F-IW),  and  <F*10t)  by  using  Inltlel  solutions  r^^^, 
\ end  obtained  frow  the  first  approxlnstlon ; then,  ve  can  get 
the  epherlesl  coordinates  and  for  the  second  approxl- 


(1)  Ma^etlc  field  strength  and  Its  co^onents  for  flve-dlpole 
Froa  (A-211,  the  nsgnetic  potential  V for  flve-dlpole  can  be 
evaluated  by  aaklng  the  sum  of  single  dipole  from  1 ■ 1 to  1 - S, 


where  we  have  omitted  the  et^scrlpt  1 for  r^,  M,  and  parameters  contained 


(S>1U) 


«lnpllcicy,  we  aesuiBe 


The  ceiEqioiiencs  of  megneclc  field  strength  B ere 


‘d  • I <-  «?’  ■ - I ' 


* cosScoBficosCe  -e  ! 


(C-15*) 


(G-2Jc) 


Using  Uccacisn  of  (C-22), 


epherlcBl  cMrdlnsces 


(C-26«) 


i&  - 3 — (U*a  + W-y)elne] 


H ■ '-CD«5ca«(«  ) 

following  are  the  differential  relatione  at 


APPEmU 


BirectloMl  derivative  e£  nagnetic  field  etcength  S along  tl 


fij  detiotea  the  magnetic  monent  vector  of  1th  dipole; 

1,  '*'*1*1  dletanca  from  the  center  of  1th  dipole  to 


Jovlcenerlc  radl.l  dl.t.noe  r.  ve  c.n  aaeome  Chet  the  radial  dl.c.ace 


t-^IJr(;-  iBj)  . <JB)] 


ca-4b) 


13C^  I fij)  • 


v ■ I ^ ^ - (I  a,) 


Traclns  back  eo  Che  equaclorte  of  equecink  leegneclc  scalar  pocancials  lo 
\ H^coae^  “ *1  " * eoaiponenc  <a-?a) 


Equations  (H-n)-(B-Jc)  Indicate  the  e«iotvalenc  ccUeion 

I a^  ■ S,  ih-b; 

vbece  la  Che  oaBneclc  otoDenc  vector  of  'Win  dipole.”  As  a result. 


Subsclcullng 


7(S-!)  . S5!|V  ^ 3,2,, Ij  3 


Given  (»-2),  (K-9a) . (H-9b).  end  (B-9c),  the  dlrectlonel  detlvaclve 
(B-0  1« 


5s  tVCB-Sll-I 


y 


— )r* 


, ma^ecic  pocenclal  V 


Subsclcuclng  (H-12)  into  (1S>UJ,  we  flsally  arrive  ac 


’ ‘ r« 


where  V( | Is  che  veloclly  ef  eleerren  parallel  eg  ehe  aagnecic  field  ?i 
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